Using standard, configuration mixed three quark wavefunction in the framework of nonrelativistic quark model, we obtain a lower limit of nucleon spin (g/) which exceeds the experimental observations. In this derivation we use the experimentally established value of GA of proton. The consequences of this incompatibility are also discussed.
It is well known that configuration mixed three quark wavefunctions can explain many aspects of baryons like their spectroscopy, size and structure, decay properties, etc. However, in this work we show that this picture cannot be applied to explain GA of protons simultaneously with the integrated spin-dependent structure function glP. In fact, accepting a value of 1.26 for GAl) we get a lower limit for glP which is quite similar to the one obtained by Preparata and Soffer Z ) and which exceeds the EMC result of 0.114. 3 ) Configuration mixing is essential to explain many facets of baryons. One of its earliest applications was to reproduce the negative mean square charge radius of neutron. 4 ) Glashow has shown 
)
Similarly, the observed value of g/ can also be reproduced if one uses a large D-state admixture (~0.6). It is also shown that theoretical estimates of these observables can be made to agree with their experimental values (separately) if one uses relativistic corrections.
Keeping in view the above successes, several workers have attempted to reproduce GA and g/ within the framework of a single non-relativistic quark model. However, they have failed. In the present work we take a closer look at this problem and show for the first time that it is impossible to reproduce these two quantities simultaneously using a single NRQM. The problem is non-trivial and the interest in these two quantities stems from the fact that they do not depend upon the space wavefunctions. Hence their theoretical estimates are relatively free of the uncertainties due to the choice of the model. In fact, the following analysis is completely free of any such choice and depends only on the standard assumptions of all NRQM. The total wavefunction of three quarks in a nucleon can be written as 8 ) ,9) (1)
In the above, </Jn s , </Jmms, etc. refer to the unperturbed eigenfunctions of symmetric, mixed-symmetric, etc. types and the coefficients G}' are the admixing coefficients. *) Present address: Computer Centre, Banaras Hindu University,·Varanasi 221005, India.
Obviously, ¢os is the unperturbed ground state wavefunction. The normalization factor, N, is given by
The unperturbed eigenfunctions can be calculated from the Hamiltonian where
The coefficients G/ can be calculated in first order perturbation theory as
G/=<¢oS!H'!¢/>/(EoS-E/).
(2)
In the above H' is the hyperfine interaction of the one-gluon-exchange-potential.
It is important to realise that while the space part of the unperturbed wavefunctions and the coefficients, Gx Y , are model dependent, the spin-flavour-colour wavefunctions' are uniquely determined from symmetry requirements. Also, the exact forms of these wavefunctions are well known and will not be repeated here.
In the total wavefunction (1) we have shown the symmetric, mixed-symmetric and D-states only. The remaining states (e.g., !20, 1+» have not been shown since it is known that they couple weakly with the ground state. In any case, we will explore the consequences of including them later. For the time being we assume that the nucleon can be represented with the terms shown in (1) . Given this type of wavefunction we can easily calculate g/ and GA: 10 ) (6) and (7) It is more convenient to rewrite the above as
GA=(5Ps +Pms -PD)/3.
We also have the normalization condition
In the above equations, Ps , Pms and PD represent the total probability of the symmetric, mixed-symmetric and D-states, respectively. In: the case of Ps we have included the ground state together with the excited symmetric states. The set of Eqs. 
The left-hand sides of the above equations represent probabilities. Therefore they must be greater than or equal to zero. This implies that we can rewrite the above equations as
It is important to note that GA has been measured quite accurately and the currently accepted value is GA = 1.26. Incorporating this value in the last two equations, (15) and (16) we get a lower and upper limit for g/:
The above equation shows that if we accept a value of GA = 1.26 (and constrain our wavefunction to reproduce it) then g/ should be greater than 0.1874. The above result is in complete disagreement with the EMC result of g/=0.1l4.
A closer look at analysis shows that since we are using the experimental value of GA as an input, we are forcing the admixtures (i.e., }Js, etc.) to reproduce the value. However, Ramsayll) and Lipkin 12 ) have pointed out that this value of GA can be reproduced only at the cost of allowing the valence quarks to carry most of the spin. On the other hand, the EMC data implies that the valence quark? carry very little spin. This is the physical reason of the incompatibility shown in the present work.
A possible remedy, suggested by several workers, is to include a contribution from a polarized sea of quarks-antiquarks. As mentioned earlier, perturbative QCD calculations 2 ) included such configurations and obtained a lower limit of p~0.165 +0.035 gl -0.015 whkh is quite similar to our result. This result is surprising since the underlying assumptions of NRQM and perturbative QCD are quite different. Moreover, polarized sea of quark-antiquarks do not seem to affect the lower limit significantly. However, the bound obtained in Ref.
2) depends on assumptions about diffractive scattering which need not be valid. 13 ),14) On the other hand, Altarclli and ROSS1 5 ) have suggested the possibility of gluon polarization. This effect can also dilute g/(x).
Before we accept the result embodied by Eq. (17), we should first check the effect of admixtures of other excited states. For example, if yve include the 120, 1+> states (with total probability }JA) then we get 
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The above equation shows that admixing 120, 1+> states is not going to affect the lower limit. Also, since JJA is usually quite small (~10-6 )9, even the upper limit is almost unaffected. Thus, conventional ideas of non-relativistic quark models appear to have failed.
In this context it is important to remember that (19) The EMC group has measured g/(x, Q2) for x >0 and have extrapolated it up to x=O to estimate g/. However At this stage it is relevant to point out a minor conflict between configuration mixing and the ratio of magnetic moments of the neutron and proton. As is well known, the naive quark models (without configuration mixing) give f-ln/f-lp= -2/3 which is slightly less in magnitude compared to the experimental value of -0.6846. It was observed by Glashow even though the individual values are reduced by a factor of (1-JJD ). However, introducing the mixed-symmetric states does disturb the ratio 18 ) Since the second term is greater than zero, therefore the ratio of the two magnetic moments will shift away from the experimentally observed ratio. In most quark models we find JJD , JJms4::1, hence the discrepancy will be small; however, it should not be ignored.
In this work we have demonstrated that it is not possible to reproduce simultaneously g/ and GA of protons, using non-relativistic configuration mixed three quark wavefunctions in spite of its success in describing other baryon properties. In fact it is known that using relativistic wavefunctions does not solve the problem either. 19) We would like to emphasize that we are not advocating the breakdown of these models. What the above analysis shows is that some other types of configurations are required to describe the baryons. Moreover, these configurations will have to couple strongly with the unperturbed ground state in order to significantly affect the above conclusions. Perhaps models using extended Fock space wavefunctions 2o ), 21) with mesonic degrees of freedom included, will be able to account for the two observables simultaneously. Schafer 22 ) in a recent overview of g/ also concluded that soliton model, perturbative and non-perturbative QCD do not agree with the present EMC data. Further
